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(54) HIGH STRENGTH TIAL INTERMETALLIC COMPOUND 

(57)Abstract: 

PURPOSE: To obtain a material having high strength and enough in ductility by incorporating a TiAl 
intermetallic compound with a lamellar structure in which crystalline grains are refined by specified volume 
ratio. 

CONSTITUTION: The TiAl intermetallic compound contg. 40 to 60at.% Al is incorporated with the lamellar 
structure constituted of y and a 2 obtd. by alternately laminating Ti3AI and TiAl by >50vol.%. The lamellar 
structure is a one in which crystalline grains are refined to <100# m. By this metallic structure, the high 
strength material whose strength shown by cold tensile strength or the like is high and enough in ductility 
can be obtd. Moreover, at the time of incorporating about 0.5 to 3at.% Mn into this intermetallic compound, 
its strength and ductility furthermore improve. 
* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1]aluminum is a Ti-aluminum system intermetallic compound which consists of 40 - 46at%, A high 
intensity Ti-aluminum system intermetallic compound, wherein a crystal grain diameter of this lamellar 
organization is less than 100 micrometers as if Ti 3 aluminum and TiAl contain a lamellar organization 
laminated by turns not less than 50% by a volume rate in this Ti-aluminum system intermetallic compound. 
[Claim 2]Mn — 0.5 - 3at% — said included high intensity Ti-aluminum system intermetallic compound 
according to claim 1. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the high intensity Ti-aluminum system intermetallic 
compound used for the field as which lightweight heatproofs, such as an aerospace field and the industrial 
machine field, or the high ratio of rigidity is required. 
[0002] 

[Description of the Prior Art]Before, a Ti-aluminum system intermetallic compound is lightweight, and 

excelling in high temperature strength is known. 

It is expected as next-generation heat-resistant materials. 

By old research, the presentation field which was rich in about [ 1-3at% ] Ti from the stoichiometric 
composition of TiAl by the coke strength at ambient temperature and ductile balance, i.e., a two phase 
region, (TiAI(gamma)+Ti 3 aluminum (alpha 2 )) is taking the lead in research and development. For example, 
minuteness making of the crystal grain diameter is carried out using homoiothermal forging method etc., and 
the research which forms the homaxial grain which made gamma grain the subject is known. 
[0003]On the other hand, it is known for the casting material of a Ti-aluminum system intermetallic 
compound that the lamellar organization which consists of a two phase of alpha 2 +gamma will progress. 
[0004] 

[Problem(s) to be Solved by the Invention] However, it was as large as not less than several 100 
micrometers, and research on the Ti-aluminum system intermetallic compound which has a detailed lamellar 
organization was not done, but that coke strength at ambient temperature and ductility of the crystal grain 
diameter (crystal grain diameter: size of a colony) of this lamellar organization were unknown. 
[0005]That is, the Ti-aluminum system intermetallic compound was lightweight, and in spite of having known 
excelling in high temperature strength, it was rather difficult to obtain the Ti-aluminum system intermetallic 
compound which has the character which was further superior to the conventional thing, about an 
improvement of the intensity of a Ti-aluminum system intermetallic compound, this invention is obtained as 
a result of having inquired from many sides, and it comes out of it. The purpose is to realize a high intensity 
Ti-aluminum system intermetallic compound by composition of a metal texture. 
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[0006] 

[Means for Solving the Problem]An invention of claim 1 for attaining this purpose, aluminum is a 
Ti-aluminum system intermetallic compound which consists of 40 - 46at%, Let a high intensity Ti-aluminum 
system intermetallic compound, wherein a crystal grain diameter of this lamellar organization is less than 
100 micrometers as if Ti 3 aluminum and TiAl contain a lamellar organization laminated by turns not less than 
50% by a volume rate in this Ti-aluminum system intermetallic compound be a gist. 

[0007]an invention of claim 2 — Mn — 0.5 - 3at% — let said included high intensity Ti-aluminum system 
intermetallic compound according to claim 1 be a gist. Here, a reason for specifying a numerical value of 
each claim is explained. 

[0008]!) A volume rate of a lamellar organization : at less than 50%, intensity does not improve not less than 
50%. 

2) A crystal grain diameter of a lamellar organization : when 100 micrometers or less 100 micrometers are 
exceeded, there is no improvement in intensity. 

[0009]3) Less than [ Mn:0.5-3at%0.5at% ], there is no effect in intensity and ductile improvement, and when 
3at% is exceeded on the other hand, improvement in intensity is not only saturated, but density has the bad 
operation of becoming high. 

[001 0]4) Less than [ aluminum:40-46at%40at% ], a crystal grain of a lamellar organization becomes big and 
rough, and intensity and ductility fall. On the other hand, if 46at% is exceeded, a volume rate of a lamellar 
organization will be less than [ 50vol% ], and intensity will not improve. 
[0011] 

[Function]The place which carried out investigation examination of the relation between tensile strength 
and a metal texture in detail in the Ti-aluminum system intermetallic compound, That the intensity of a 
Ti-aluminum system intermetallic compound can be improved became whether to be ** by using as less 
than 100 micrometers and a detailed crystal grain the crystal grain of the lamellar organization which 
consists of gamma and alpha 2 , and considering it as the metal texture which moreover contains a lamellar 
organization not less than 50% by a volume rate. 

[0012]The reason in which this intensity improves is conjectured that the above existences of the lamellar 

organization of composition have been the obstacles of a metaled rearrangement. 

[0013] 

[Example] Hereafter, the example which materialized this invention is described with a comparative example. 
(Example 1) After sifting out titanium powder in particle diameter of 149 micrometers or less, the Al powder 
or aluminum-Mn after alloy powder produced with the gaseous helium atomizing method was sifted out in 
particle diameter of 149 micrometers or less, and TiAl was mixed so that a chemical entity might be set to 
sample No.1 of the following table 1 - 9 with final composition. And having inserted in the aluminium 
container and heating the inside of this container, evacuation was carried out and deaeration treatment 
(deaeration temperature: 450 **) was carried out. Then, hot extrusion was performed the whole container. 
Extrusion conditions were made into 400 ** and the extrusion ratio 60. The envelope equivalent to an 
aluminium container was removed from the obtained extrudate, and it was considered as the raw material 
for reaction synthesis. 
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[0014]After performing reaction synthesis (synthetic starting temperature: 560 **) in HIP and considering it 
as a Ti-aluminum system intermetallic compound about this extrudate, the metal texture was succeedingly 
homogenized on condition of [ of Table 1 ] versatility (HIP conditions) in HIP. And the volume rate and 
crystal grain diameter of the lamellar organization were measured about the Ti-aluminum system 
intermetallic compound obtained by said manufacturing method. The test piece for tensile test of this 
Ti-aluminum system intermetallic compound was produced (parallel part diameter: phiSmm, gauge 
length:1 5mm), and the tensile test (rate of strain: 10 " 3 / second) was carried out at ordinary temperature. 
Similarly the result of this experiment is shown in Table 1. 

[001 5]The volume rate of the lamellar organization and the average crystal grain diameter were measured 
about said obtained Ti-aluminum system intermetallic compound. Similarly the result is shown in Table 1. 
Although the photograph of the microstructure of sample No.6 was shown in drawing 1 , the volume rate of 
the lamellar organization was 85%, and the crystal grain diameter was 35 micrometers. 

[0016]The volume rate of a lamellar organization of each thing of this example is not less than 50% so that 
clearly from Table 1 . 

And the crystal grain diameter of a lamellar organization is less than 1 00 micrometers. 

Therefore, the Ti-aluminum system intermetallic compounds of this example which has such an organization 
are 500 or more MPa of tensile strength, and 0.5% or more of elongation. 
It is in ** to have both the outstanding intensity and ductility. 



[0017]**** and all of especially the thing of sample No.5 which added Mn in 0.5 - 3at% of the range - 8 are 
610 or more MPa of tensile strength, and 0.7% or more of elongation from other conditions. 
Intensity and ductile all are much more preferred. 

Mn addition of the thing of sample No.4 is less than 0.3at% and a minimum (0.5at%). 
The effect of Mn addition was not seen. 

Mn addition of the thing of sample No.9 is over 3.3at% and a maximum (3at%). 
The effect of Mn addition was saturated. 



[0018] 
[Table 1] 
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[0019](Comparative example 1) Titanium powder (particle diameter of 149 micrometers or less), and an 
aluminium powder or aluminum-Mn after alloy powder (particle diameter of 149 micrometers or less) was 
mixed, and it prepared so that a chemical entity might be set to sample No. 10 of the comparative example 1 
shown in the following table 2 with final composition - 13. Then, after performing extrusion and reaction 
synthesis on Example 1 and the conditions, it homogenized on the conditions (HIP conditions) shown in 
Table 2. 

[0020]About the obtained compound, the volume rate and crystal grain diameter of the lamellar organization 
were measured, and the ordinary temperature tensile test was carried out. The result is shown in Table 2 
and the following. 

No.10: Al quantity was less than the minimum, the crystal grain of the lamellar organization became big and 
rough with 125 micrometers, and intensity and ductility were low. 

[0021]No.1 1: Al quantity was over the maximum, and although it is small, since a volume rate was less than 
50%, the crystal grain diameter of the lamellar organization had low tensile strength. Although the crystal 
structure of the microstructure was shown in drawing 2 , it was 50 micrometers in 45% of the volume rate of 
a lamellar organization, and crystal grain diameter. 

[0022]No.12: The HIP conditions used for homogenization were 1000 **, and since the obtained organization 
was two phase structure (gamma+alpha 2 ) which does not contain a lamellar organization, its elongation was 
low. 

No.13: Since the HIP conditions used for homogenization were 1410 ** and the crystal grain diameters of a 
lamellar organization were 120 micrometers and not less than 100 micrometers, tensile strength was low. 
[0023] 
[Table 2] 
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[0024](Comparative example 2) A Ti-43at%aluminum~1.6at% Mn-alloy ingot is produced by plasma arc 
melting, About aluminum-Ti system intermetallic compound (sample No.14 of said table 2) obtained by 
carrying out HIP treatment like said Example 1, the volume rate and crystal grain diameter of the lamellar 
organization were measured, and the ordinary temperature tensile test was carried out. Similarly the result 
is shown in Table 2. 

[0025]Since the thing of sample No.14 was ingot material, its lamellar organization was big and rough, and its 
intensity was [ like / it is ****** from this table 2, and ] low. Although the micro structure is shown in 
drawing 3 , the crystal grain diameter of a lamellar organization exceeds 100 micrometers. That is, since the 
Ti-aluminum system intermetallic compound of this example No.1 - 9 is provided with the lamellar 
organization of the volume rate mentioned above and a crystal grain diameter, the character of the ordinary 
temperature pull strength and elongation is excellent. 
It is suitable as a high intensity member. 

Since the thing of comparative example No.10 - 14 is not provided with such a lamellar organization to it, it 
is inferior to the character of ordinary temperature pull strength or elongation, and is not necessarily 
desirable as a high intensity member. 

[0026]As for this invention, it is needless to say that it is not limited to the above-mentioned example at all, 

but can carry out in various kinds of modes within the limits of the gist of this invention. 

[0027] 

[Effect of the Invention]So that clearly from having explained in full detail above in the high intensity 
Ti-aluminum system intermetallic compound of claim 1. Since the crystal grain diameter of a lamellar 
organization is less than 100 micrometers as if aluminum consists of 40 - 46at% and Ti 3 aluminum and TiAl 
contain the lamellar organization laminated by turns not less than 50% by a volume rate, The intensity shown 
by ordinary temperature pull strength etc. is large, and it becomes the high intensity material which was 
moreover rich and excellent in ductility. 

[0028]especially — the high intensity Ti-aluminum system intermetallic compound of claim 2 — further — 
Mn — 0.5 - 3at% — since it contains, intensity and ductility improve further. Therefore, since the 
Ti-aluminum system intermetallic compound of high intensity is obtained from this invention, what ** to 
practical use as lightweight heat-resistant materials is realized. 
[Brief Description of the Drawings] 
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[Drawing 1] It is a photograph which shows the crystal structure of the microstructure of example sample 
No.6. 

[Drawing 2] It is a photograph which shows the crystal structure of the microstructure of comparative 
example sample No.11. 

[Drawing 3] It is a photograph which shows the crystal structure of the microstructure of comparative 
example sample No.14. 

[Translation done.] 
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